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Presentation OverviewPresentation Overview
• What affects milling quality?

• Previous work

• Recent QTL studies of 3-D image analyses 

• Association Mapping of Kernel Size and Milling Quality in Soft Winter 
Wheat Cultivars



New York Soft White Winter 
Wheat Varieties

Richland

CayugaCaledonia

Geneva



Factors affecting Milling QualityFactors affecting Milling Quality

• Proportion of Endosperm:
• Kernel size, shape, embryo size, seed coat (bran) 

thickness, shriveling
• Friability and Endosperm Separation:

• Hardness, fiber content, crease depth and width, cell 
wall thickness in sub aleurone

• Proportions of Major Constituents
• Endosperm - 81-83%

• Embryo + Scutellum - 2-5%

• Pericarp + Testa + Aleurone - 14-16%



Previous Reports: 
Traits vs. Milling Yield

• Kernel size - Mixed, weak to strong relationship 
depending on the study

• Test weight - Weak to moderate correlation
• Shape , embryo size, seed coat (bran) thickness - ?
• Shriveling - Significant correlation
• Hardness - Not significant within class
• Crease depth and width -No apparent relationship
• Cell wall thickness in sub aleurone - ?



Potential Undesirable CorrelationsPotential Undesirable Correlations

• Kernel Size and Shape:

• Uniformity vs. grain yield - % tertiary kernels reduced

• Size vs. Roundness - Larger kernels seem to be 
proportionately longer

• Reduced Embryo Size
• Poorer emergence, seedling vigor



Recent StudiesRecent Studies

• Breseghello, F., P.L. Finney, C. Gaines, L. Andrews, J. Tanaka, G. Penner, 
and M.E. Sorrells. 2005. Genetic loci related to kernel quality differences 
between a soft and hard wheat cultivar. Crop Sci. 45:1685-1695.

• 9 Reed x Grandin (Soft x Hard): Three locations - Canada, California, New York

• Breseghello, F., and M.E. Sorrells. 2006. Association mapping of kernel 
size and milling quality in wheat (Triticum aestivum L.) cultivars. Genetics 
172:1165-1177.

• 95/149 elite soft winter wheat cultivars from the Northeastern US: Mostly recent releases, 
representing 35 seed companies / institutions

• 93 SSR loci: 33 on 2D, 20 on 5A, 9 on 5B, 31 on 16 other chromosomes

• Breseghello, F., and M.E. Sorrells. 2007. QTL analysis of kernel size and 
shape in two hexaploid wheat mapping populations. Field Crops Res. In 
press.

• Reed x Grandin (Soft x Hard) and Synthetic x Opata (ITMI) populations



Digital Image Analysis 
of Wheat Kernels

Flavio Breseghello
Grain morphology traits as targets for 

indirect selection for wheat milling quality 
in early generations
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Surface & Volume Surface & Volume SpheriodSpheriod SchemeScheme

http:mathworld.wolfram.com/Spheriod.html



QTL Comparative Plot of Seed Size and ShapeQTL Comparative Plot of Seed Size and Shape
((Single marker regression)Single marker regression)

Synthetic x Opata



Association AnalysisAssociation Analysis
Methods

• Population Structure: 36 “unlinked” SSR markers - TASSEL -
Structure without admixture, SPAGeDi (Hardy & Vekemans) 
program for Kinship

• Association Analysis: R stats package lme used to analyze Linear 
mixed-effects model with marker as fixed effects (selected from 
previously identified QTL regions) and subpopulations or 
Kinship as random effects (no obvious differentiating 
characteristics)

• Jianming Yu, Gael Pressoir, et al.  (2006) A Unified Mixed-Model Method 
for Association Mapping Accounting for Multiple Levels of Relatedness 
Nature Genetics 38:203-208



Previous QTL informationPrevious QTL information

• Doubled-Haploid Population AC Reed x Grandin

• QTL for kernel width near Xwmc111, Xgwm30, 
Xgwm261 and length near Xgwm539

• QTL for friability, ESI, and flour yield near Xgwm261, 
Xgwm484, Xwmc181, respectively.

• Recombinant Inbred Population Synthetic W7984 x 
Opata

• QTL for kernel weight, area, length and width on 5A
and 5B.

• QTL on 5A for friability.

• QTL on 5B for flour yield, ESI, friability, and Break-
flour yield.
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0.3340.2900.0050.001*0.0390.0300.0380.042Xgwm53991

0.2120.000**0.8200.3120.8480.0530.8620.081Xgwm3064

0.0240.001*0.3670.4800.1200.0470.0570.012Xwmc11228

0.001*0.0580.0090.0270.0090.0190.0160.145Xgwm26123

0.000**0.000*0.1070.003’0.1080.0050.0200.005Xwmc11111

0.2520.000*0.0310.0760.1190.0120.1600.069Xcfd567
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0.8630.8520.002*0.0380.0240.2320.0370.631Xbarc14160

0.0390.0440.0220.1180.0050.0210.002*0.009Xbarc11756

0.4290.0930.002*0.0090.0050.0030.0030.002*Xwmc150b55

0.6490.6370.002*0.0140.0140.0440.0070.021Xcfa225055
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B.L.U.E. of allele effectsB.L.U.E. of allele effects
Kernel LengthKernel Length

N. of Cultivars:     9 5 18 37     9      9 41 45 43 49



B.L.U.E. of allele effectsB.L.U.E. of allele effects
Kernel WidthKernel Width

N. of Cultivars:    41 14 8 15 18 24 5       10        19



B.L.U.E of allele effectsB.L.U.E of allele effects
Kernel WeightKernel Weight

N. of Cultivars: 41 45 43 49



ConclusionsConclusions
• Linkage Disequilibrium and Association Mapping

• There is significant variation in LD across the genome and in different collections of 
genotypes

• Markers closely linked to QTL of interest can be identified and allelic effects quantified

• Kernel Size and Shape and Milling Quality 

• Length and width are not strongly correlated.

• Some QTL intervals are associated with both milling traits and kernel size and shape.

• Further studies could focus on mapping QTL for kernel size uniformity and evaluating the 
relationship with the proportion of primary, secondary, and tertiary kernels AND grain yield.
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